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Abstract
The extension of the aircraft’s performance envelope into the high angle of attack regime carries with it the penalty
of undesirable flow instabilities. At these conditions the aircraft flow-field is complex, with extensive regions of
highly separated unsteady flow which is more pronounced in the case of the vertical tail or fin. The excitation
given to a structure by separated flows is termed as ‘Buffet’ and the response of the structure to this excitation is
known as ‘buffeting’.  In the present study an attempt is made to quantify the Buffet load spectrum from
experimental data and determine the response of the vertical tail of a typical combat aircraft under this load and
thereby establishing a broad procedure for buffet clearance.
© 2013, Published by Elsevier Ltd.
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1. Introduction
There is an ever increasing demand for agility, controllability, and maneuverability of modern combat aircraft.
The high angle of attack flight regime thus becomes very important. The extension of the aircraft’s performance
envelope into the high angle of attack regime carries with it the penalty of undesirable flow instabilities. At these
conditions the aircraft flow-field is complex, with extensive regions of highly separated unsteady flow which is
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more pronounced in the case of the vertical tail or fin. An aircraft immersed in this flow can experience random
periodic aerodynamic loading which, if tuned to a structural mode, can result in a dynamic response which could
be potentially damaging to the structure.
The excitation given to a structure by separated flows is termed as ‘Buffet’ and the response of the structure to
this excitation is known as ‘buffeting’.  In the present study an attempt is made to quantify the Buffet load
spectrum from experimental data and determine the response of the vertical tail of a typical combat aircraft under
this load and thereby establish a broad procedure for buffet clearance.
Buffeting is mostly brought on by the separation of the boundary layer of air that normally flows along the wing
or tail. It is usually associated with slow speed /high angle of attack flight regimes, but can also manifest at
transonic speeds. This phenomenon not only affects the aerodynamic performance in terms of turn rates or g-
levels but also structural aspects like affecting the fatigue life of the structure, weapons aiming, discomfort to the
pilot in the cockpit, failures of LRUs in the aircraft etc. The study of this phenomenon involves structural dynamic
tests like the Ground Vibration Test (GVT), Wind Tunnel Tests (WTT) and flight tests. These tests will help in
ascertaining the basic airframe vibration characteristics and unsteady aerodynamics for evaluating the buffet
phenomenon.
Much of Literature gives an insight into the history of the buffeting phenomenon occurring mostly in vertical
tails or fin as compared to the wings. Wing buffet is normally taken care of in the design process through the gust
calculations. Although literature highlights the importance of the phenomenon predominantly in twin tail fighter
aircraft, a single fin aircraft also needs to be cleared from buffet point of view and for obtaining certification,
which will be the objective of this paper.
A point to note in this context is that a thorough knowledge of the dynamics of the structure along with the
instrumentation aspects to achieve the desired results.
2. Literature
Limited information is available in open literature and the importance of buffet clearance for a combat
aircraft is highlighted by some of the pioneers in the field like Mabey (1989)and Lee (2000). D. G. Mabey in his
paper titled “Some aspects of Aircraft Dynamic Loads due to Flow Separation” talks about the importance of
dynamic methods of Testing and the importance of good knowledge of buffet in the aircraft design, as also its non
availability. B H K Lee in his paper refers to the vertical flows generated by the aircraft on the fins in terms of
vibration and the effect of these vibrations in turn on the structural integrity for both single and twin tail (fin)
fighter aircraft. Another important document referred during this study was the AGARD Report No. 623 titled
“Critical Review of Methods to Predict the Buffet Capability of Aircraft” by Helmut John (1974). He concludes
that there are many different techniques available to the specialist but particular considerations like availability of a
wind tunnel model, analytical model and tools and of course the flight test results. He suggests the use of
expensive dynamically scaled flexible models and arrives at a method of correlation between the model and the
aircraft. Pototzky and Moses (2005) have described the theory and implementation of a buffet loads analysis
methodology to fighter-aircraft. The method is demonstrated on a JSF prototype example problem.
The above references do not address the scenario wherein structural buffet clearance of a prototype aircraft is
given based on a combination of Wind Tunnel Pressure measurements, Numerical simulations and Flight vibration
measurements.
3. Methodology for Buffet Clearance
The unsteady pressure input is from the Wind Tunnel and in-flight pressure measurements are not available, (in-
flight unsteady pressure measurements provides pressure values which are "real" and which do not contain any
1594   R.V. Vaidyanathan et al. /  Procedia Engineering  64 ( 2013 )  1592 – 1601 
uncertainties which may arise from wind tunnel data due to  wall effects etc.) . Hence, the following approach is
adopted to validate the buffet input, excitation application and the numerical model from available flight data:
A validated F.E structural dynamic model is generated which has been updated to match the major fin and
rudder modes with Ground Vibration Tests (GVT) results for the full aircraft assembly.
The flight vibration data is available for various Angles-of-Attack in the form of acceleration response PSDs
from fin and rudder top sensors.
An Aeroelastic random response analysis is carried out using the unsteady pressure PSD data obtained from
wind Tunnel as input excitation. Predicted buffeting responses, in the form of acceleration time histories, are
extracted at those model grid points that most closely represent accelerometer locations on fin and rudder. The
acceleration responses from the analysis at these locations are compared with the flight measured acceleration PSD
data.
Comparison between the frequency content of predicted and flight measured acceleration data determines the
accuracy of the buffet modeling. Where necessary, the method of excitation application (excitation zones and
number of nodal grid points used as excitation application points) was modified to obtain a better match to flight
measurements.
Based on the comparison of analytical results and flight acceleration measurements, the resultant Fin Buffeting
response prediction numerical model can be considered to be fully validated.
4. Tests conducted for arriving at a procedure for Buffet Clearance
The following tests and the results obtained from the tests below led us to lay down the procedures for
buffet clearance.
4.1. Ground Vibration Tests (GVT)
This is one of the most important and primary tests to capture the dynamic characteristics of any structure.
The dynamic characteristic in this case refers to the natural frequency, damping and mode shapes of the aircraft
which are also referred to as the modal parameters. Fig.1 shows the aircraft structure on a GVT rig. The excitation
to the aircraft is generated with externally mounted Electrodynamic shakers and the frequency and amplitude of the
excitation is based on the premise that all the modes of the aircraft structure are excited and the linearity and
superposition principles are satisfied. In this test, we have been concentrating on getting the primary and higher
order fin modes excited as indicated in Fig. 2. The mode shape corresponding to these modes are shown in Fig. 3.
Fig. 2 – Frequency Response Function obtained from Ground Vibration Test (GVT)
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Fig.3 – Mode shape for Fin bending and Fin tip twisting
4.2. Wind Tunnel Tests
An unsteady pressure measurement on the upper surface of the wing and on the vertical tail was
undertaken on a 1:10 scale model of the aircraft. The low speed wind tunnel tests were carried out at the National
Wind Tunnel Facility, IIT Kanpur. The model was mounted on a sting which was attached to the two turn tables
moving in synchronized manner. The model was set to different angles of incidence (α) representing the Angle of
Attack in actual flight condition by the synchronized motion of turn tables. Yaw angle (ψ) representing the Angle
of Side Slip in actual flight condition to the model was given using elbow attached to the sting having desired yaw
angle. Fig. 4 shows the model as placed in the wind tunnel.
Fig. 4: A picture of the aircraft model mounted in the test section at Wind Tunnel
Entran, USA make Strain gage based Pressure transducers Model EPL-D02-5P-/M2M/L3M with a thickness of
one mm were placed at the indicated locations on the fin in Fig.5. Four (4) pressure transducers were placed on
either side of the fin. The pressure transducers were calibrated before the test by applying known pressure to each
sensor. The unsteady pressure measurement was carried out by using the above sensors for different model settings
at a speed of 40 and 50 m/s. Time and frequency domain analysis were carried out to study the unsteady
characteristics of the fluctuating signals from the sensors on the wing and tail. The ‘rms’ pressure fluctuations and
the power spectrum were obtained from the raw data. These results were used in the estimation of the buffet
spectrum. The effect of varying Angle of Attack, Sideslip angle, and speed were studied in these tests.
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Fig 5. Schematic of the location of the Pressure Transducers on the Fin model
5. Analysis of Wind Tunnel data
The data obtained from these tests indicated a significant increase in the rms pressures when the angle of attack
increases beyond 20° and also when the Side Slip Angle increases from zero to 10°. Since the objective is to
analyse the response of the fin to buffet excitation, the unsteady pressure data for the fin has been studied in detail.
Figure 6 shows the variation of RMS pressure ( Prms ) with changing angle of attack (for the three sideslip angles
considered), for each of the sensors on the left side of the fin for V = 40m/s. All amplitudes given are normalized
with respect to the maximum values.
Fig. 6 - Variation of Prms with AOA (β=0, 5, 10 deg and V = 40 m/sec) for Sensors on fin LHS
Angle of Attack (Deg.)
N
or
m
al
is
ed
Pr
m
s/
Q
in
f
1.0
1.0
-20 40 40
N
or
m
al
is
ed
Pr
m
s/
Q
in
f
β=0°
β=5°
β=10
β=0°
β=5°
β=10
00
-20
1.0
40 40-20-20
β=0°
β=5°
β=10
β=0°
β=5°
β=10
N
or
m
al
is
ed
Pr
m
s/
Q
in
f
1.0
N
or
m
al
is
ed
Pr
m
s/
Q
in
f
1597 R.V. Vaidyanathan et al. /  Procedia Engineering  64 ( 2013 )  1592 – 1601 
It is also observed that higher pressure measurements are recorded at the highest side slip angle (β= 10º), higher
angles of attack (upwards of 28º) and for the higher V (50m/s). A typical plot for the pressure sensors on the left
side of the fin are shown in Fig. 7 for (α =36 deg and β = 0, 5,10 deg) and V = 50 m/sec.
Fig. 7 – Power spectrum (α =36 deg and β = 0,5,10 deg) and V = 50 m/sec for sensors on fin LHS
6. Buffet Spectrum Generation
The maximum pressure power spectrum plots are associated with β = 10º, α = 36º and for V of 50m/s. The
differential power spectrum for the above stated conditions, considering the pressures on the left and right side of
the fin has been computed. These differential pressure plots constitute the buffet excitation spectra
It is to be noted that higher unsteady pressures are recorded at the fin tip sensors, i.e., sensors 1 and 2. The
typical buffet excitation spectrum synthesized from the power spectrum data applicable to sensors 1 and 2 on the
fin model is plotted in Figure 8.
Fig. 8 – Buffet Excitation Spectrum for sensors 1 and 2 on the Fin
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7. Scaling of Buffet Pressure PSDs
These buffet excitation spectra which represent the measurements on a scaled model have to be scaled to
represent a spectrum to predict the buffet pressure PSDs for full-size aircraft and flight conditions. Wind-tunnel
buffet pressure PSDs are scaled with respect to their magnitude and their frequency.
To obtain PSDs of buffet pressures at the design flight conditions for the full-sized aircraft, for normalized
model and aircraft PSDs, the following equation (Potozky et.al (1974)) is used -
------(1)
Where,
m, a = Buffet pressure PSD of model, of the scaled aircraft,
m, a     = Circular frequency for the model, aircraft,
Lm, a      = A reference length of the model, aircraft,
Vm, a        = Free-stream speed of the tunnel, forward flight speed of the aircraft
m, a = Mass density of tunnel’s test medium, of air at aircraft’s flight condition.
To carry out the analysis of the aircraft fin in FE analysis packages like MSC/NASTRAN, the buffet excitation
spectrum is to be applied in a tabular format. The scaled differential pressure spectra have also been simplified to a
piece-wise linear form, which is more general and convenient for data input. Figure 9 shows the scaled buffet
pressure power spectral density on the fin sensors used for response computations.
Fig. 9 - Scaled Buffet excitation spectrum (Sensors 1 and 2)
8. Numerical Analysis
The F.E. model of a typical fighter aircraft fin along with the rear fuselage showing the mesh and boundary
conditions used for the analysis is shown in Figure 10. The buffet response analysis of the fin is carried out using
the Random Vibration module of MSC/NASTRAN.
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Fig. 10 - F.E. mesh of fin and rear fuselage, with imposed boundary conditions
The scaled buffet excitation spectrum generated is input as a pressure PSD excitation input as a pressure PSD
excitation on the Finite Element (F.E) Model. A random vibration analysis is carried out on F.E. model of the fin
and rear fuselage, with the appropriate boundary conditions imposed. All processes are assumed to be Gaussian
ergodic random processes. The mean value of all processes is assumed to be zero. For pressure load application the
fin is apportioned into 4 regions, the centroid of each corresponding to each of the 4 sensor locations
A typical predicted acceleration response PSDF at the fin tip node is shown in Fig. 11. The response is
dominated by the fin first bending and the fin twist with rudder rotation modes.
Fig. 11 Acceleration PSDF at the fin tip node
9. Flight Data and Comparison with Predictions
The acceleration data obtained from flight test for an Angle of Attack of 20 deg. is shown in Figure 12 along
with data obtained from predictions for corresponding simulated flight conditions. The flight data which is
available from 3  different aircraft fall in the same range in terms of both frequency content and amplitudes
indicating that there is good repeatability across aircraft. A good match is observed between the predicted and
flight measured accelerations for frequencies up to 100 Hz. This frequency range is sufficient to cover all
important structural vibration modes, which gives confidence in the scaled buffet input, the excitation application
method and the numerical model.
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Fig. 12 – Comparison of flight test data with analysis data for α=20 deg.
10. Summary and Conclusions
The buffet excitation spectrum for a fighter aircraft fin has been generated utilizing experimental unsteady
pressure data available from Wind tunnel tests carried out on a 1:10 scaled model of a typical fighter aircraft at the
National Wind Tunnel facility (NWTF) at IIT-Kanpur.
The buffet excitation spectrum is input as a pressure loading on a set of elements around each of the four sensor
locations on the fin. A random response analysis is carried out and the maximum displacement, acceleration and
stress are estimated.
The study provides a capability to predict and assess the impact of buffet loads. This methodology could be
applied during the initial phases of development of similar combat aircraft.
The buffet response in terms of acceleration obtained from analysis using a GVT tuned model and results from
the Wind tunnel tests can now be compared with the flight test results from the accelerometers installed on the fin
for higher angles of attack. The exercise of comparing the flight test data with the analysed data compared as the
flight envelope is expanded to cover higher angles of attack thereby clearing the aircraft for buffet.
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